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Introduction

In order to understand
the regulatory
mechanism of cerebral
blood flow under normal as well as
pathological
conditions
of the central nervous system
due to vascular
insults, various kinds of techniques
have been devised for the direct assessment
of the
actual blood flow. Those techniques
include clearance methods using radiochemicals
and hydrogen [ 8,
11, 20-23].
Although these methods quantitatively
reveal the total blood flow in a brain compartment,
there has been no method that demonstrates
which
blood vessels are most important in the regulation of
cerebral
blood flow.
Meanwhile neuropeptide
Y (NPY) containing
neurons are reported
to be closely related to parenchymal blood vessels
[ 6, 7] and regional cerebral
blood flow (rCBF) is significantly
reduced by the
intracortical
injection
of NPY through its strong
vasoconstrictive
activity
( H . Yokote, unpublished
observation).
Based upon those findings we, in the
present study, tried to locate the morphologic site of
action of NPY in phenomenon
within an area where
the rCBF had been reduced by NPY injection,
using
the corrosion
cast technique
to observe the actual
luminal surface of blood vessels by scanning electron
microscopy
(SEM) [4, 5, 12 -19 ].

The site of action of neuropeptide
Y (NPY), a
potent
vasoconstrictive
neurotransmitter,
on the
intraparenchymal
blood vessels
in the rat parietal
cortex
was demonstrated
using
a corrosion
cast
technique
with scanning
electron
microscopy.
Our
observations
were confined
to the cortical
area
where the regional
cerebral
blood flow (rCBF) had
been redu ce d significantly
by in situ application
of
NPY. A striking
finding in that area was the diffuse
narrowing
of the perforating
arteries
in the upper
cortical
layers.
Ring-like
compressions
on the
c orrosion casts, pre&umably formed by active vascular
sp hincters
along the arteries,
capillaries
and venules
within the brain
parenchyma,
seemed to be more
prominent
in the perforating
arteries
of the NPY treated
cortex
as compared
with thos e of control
cor tex.
We conclude
that NPY -co ntaining
nerve
fibers along the parenchymal
blood vessels may take
part in regulating
the rCBF primarily by reducing the
cali ber of the proximal perforating
arter ies.

Materials

and

Methods

Five male Sprague Dawley rats weighing 200 300 grams were the subjects
of this study.
Under the anesthesia
with alpha-chloralose
( 60
mg/kg)
the abdominal aorta was cannulated
with a
polyethylene
catheter
after which the animal's head
was fixed on the stereotactic
frame.
Two burr holes
1.2-1.5 mm in diameter were then made over the bilateral parietal bones ( 2 mm lateral to the midline on
the plane of 4 mm anterior to AP = 0, see Fig .1). 1
x 10-5 M of NPY (Sigma Chemical Co.) was injected
through the burr hole on the right side (0.5 microliter per 2 minutes) with a glass capillary
attached
to a Hamilton syringe.
The injection needle was introduced
at an angle so that the center of the injection site was located at a point 0.5 mm from the pial
surface
and 1.0 mm anterior
to the center of the
burr hole.
Before and after the injection
of NPY,
the rCBF was monitored through the burr holes by a
He-Ne laser flowmeter (ALF 2100, Advance) , a monitoring method of the CBF in a tissue compartment
with an a traumatic probe [ 1]. The cortical area under the burr hole on the left side was injected with
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Fig. 1 (above).
Scanning electron micrograph
of the corrosion cast from the dorsal surface of the rat parietal
cortex.
Margins of the burr holes for intracortical
injections
are indicated by square dots along the cut-lines
and the center of the injection
sites by small round dots.
The arrow directed caudally.
NPY was injected
through the left burr hole in this micrograph.
The filling defect of the ascending veins draining into superior
sagittal sinus (SSS) might have been caused during the razor cutting of the brain.
Bar = 1 mm.
Fig. 2 (on the facing page).
Photomontages
of perforating
arteries
in the coronal plane branched
from pial
arteries
in the NPY-treated
(a) and the control (b) cortex just anterior to the cut surface in Fig. 1. Perforating arteries and veins are easily identified by their branching
pattern and luminal surface [ 8, 10]. These
arteries
are located 1 mm from the injection
site.
Note the obviously smaller diameter of the artery in the
upp e r cortical layers in (a). The ring-like
compressions
(arrowheads)
are also frequently
seen along proximal
portions of the artery.
Each photograph
in these montages was taken at the same working distance through out for one montage.
The arrows indicate the pial surface.
WM: white matter.
Bar = 100 micrometers.

saline

as a control.
To wash out the blood from the inferior
vena
cava, perfluorochemical
(Fluosol-43,
Green Cross
Corp., see reference
2) was injected through the abdominal aorta in an oxygen chamber filled with 95%
02 and 5% CO2 which is a necessary
condition
for
this artificial blood to supply the appropriate
amount
of oxygen to the tissue.
Within five minutes after
blood exchange with perfluorochemical,
the animals
were perfused
with 300 ml of a mixture of 4 % glutaraldehyde
and 4% paraformaldehyde
in 0.1 M phosphate buffer (pH 7 .4) at room temperature
for more
than 15 minutes.
Twenty milliliters of polyester resin (Mercox CL2B, Dainippon Ink and Chemical Inc.)
was injected
under a pressure
of 150-200 mm mercury through a cannula placed in the abdominal aorta
after 48 hours of post-fixation
period in the same
fixative in order to obtain firmly fixed brain tissue
and blood vessels so that we could get the vascular
corrosion
cast with a minimal change during the
pressure
injection
of resin.
The rat brains were
then removed, cut into 4-5 mm-thick coronal blocks
with a sharp razor blade and placed in a 20% NaOH
solution to lyse the brain tissue surrounding
the
plastic casts.
The cut line traversed
the burr holes
for the injection
of chemical so that we can observe
the vascular
corrosion
cast of the intraparenchymal

blood vessels
in the affected area.
specimens were freeze-dried,
mounted,
with gold, and observed
under the
SE M at an acceleration
voltage of 15

The sonicated
sputter coated
Hitachi,
S-450
kV.

Results
Measurement of the rCBF
The small probe of the He-Ne laser flowmeter
allowed us to monitor the rCBF from the cortical
surface without injuring the underlying
brain.
The
rCBF (20 .8 ± 2 .8 ml/min/ 100g) of the parietal cortex
which had been injected
with 1 x 10-5 M of NPY
was significantly
reduced (p less than O.01, student
T - test) to a level 44. 2 ± 5. 3% of the control cortex
(47.0 ± 2.7 ml/min/lOOg) within 5 minutes of the injection.
This effect of NPY on rCBF persisted
for
more than 30 minutes with a tendency of gradual recovery of CBF by 60 minutes.
Observation
of plastic casts of blood vessels in the
parietal cortex
As reported,
we can easily differentiate
pial
arteries
from veins by their regularly
placed oval
indentations
in the corrosion
cast formed by the
endothelial
nuclei [ 16-18].
By tracing the branches
from the pial blood vessels toward the white matter,
we examined
the luminal surface and the shape of
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11, 21].
However , these techniques
lack the resolution at the microscopic
level to show which part of
the blood vessels
plays a more important
role in the
regulation
of blood flow.
To answer that question
we have employed the corrosion
cast technique
(4, 5,
12-16] in combination
with the use of perfluorochemical (Fluosol-43,
reference
2) for the exsanguination
[ 19]. As compared with conditions
when simple isotonic solutions were used for the exsanguination
(14],
the utilization
of this chemical
which can supply
oxygen to the brain until th ·e time of perfusion
fixation supposedly
enables us to observe the luminal
surface of the brain blood vessels under more physiological conditions,
especially
when we have to examine the vasoconstrictive
phenomena of the brain.
In prior studies we have suggested that the ring-like
compressions
on the cast formed by the active vascular sphincters
are the important
structures
in the
control
of blood flow in the central nervous
system
[17-19].
In addition
to aminergic
and cholinergic
neurons,
peptidergic
neurons in the cerebral
cortex
have also been reported
to be invoived in the regu lation of CBF (3, 7, 9, 20, 23].
Among the peptidergic
neurons
associated
with the cerebral
blood
vessels,
NPY-containing
neurons have the most potent and long lasting vasoconstrictive
effect on both
the pial arteries
and the veins [ 7].
Therefore,
we
thought that utilization
of NPY to provoke a change
in rCBF and the use of the corrosion
cast technique
was the most effective
way to examine the correlations between vessel caliber within the brain paren chyma and rCBF.
The findings in the present study indicated
that
intracortically
applied NPY exerted an action prima rily on the proximal portion of the perforating
arteries . Because the actual concentration
of NPY around
the vessels
we examined was considered
to be in a
range between
1 x 10-6 to 1 x 10-8 M [ 10], th @
present
findings
suggested
that the proximal portion
of the perforating
arteries
in the cerebral cortex has
a pharmacological
property
similar to the pial arter ies (6, 7], although the innervation
pattern
of NPYcontaining
neurons along those vessels is quite different (H. Yokote, unpublished
observation).
The results
of the present
study are only preliminary but suggest that rCBF in various conditions
is critically
controlled
at the proximal
perforating
arteries.
From the pharmacological
point of view [ 6]
it is possible
that perforating
veins may have properties
similar
to pial veins.
However we found no
obvious change in the shape of the perforating
veins
in the NPY-treated
cortex.
Considering
the results
of our previous
studies that ring-like
compressions
are present
in the capillary
and venules under normal
condition
[ 17-19], it is imperative
to further investigate capillaries
and venules in various other conditions.
In any case, it is important
that NPY, a potent vasoconstrictive
neurotransmitter,
affected
the
proximal portion of the perforating
artery
more intensely.
This could lead to a significant
reduction
of
rCBF, and suggests a significant
role for intraparenchymal NPY-containing
neurons in the regulation
of
cerebral
blood flow.
A similar approach
using the
vasodilatory
neurotransmitters
such as calcitoningene-related
peptide or vasoactive intestinal
polypeptide [ 7 J may also disclose
the other aspects
of the
control mechanism of rCBF.
A number of questions
remain to be answered.
How are the ring - like compressions
formed in such a

the cortical
perforating
arteries
and veins.
The corrosion
cast of the pial blood vessels
within the subarachnoid
space of the parietal
cortex
was unchanged
even in the area where NPY was injected (Fig. 1).
However, in an area up to 2.0 mm
from the center of the injection
site the diameter of
perforating
arteries
in the upper cortical
layers (up
to 400-500 micrometers
from the cortical
surface)
were obviously smaller than those in the deeper layers, which finding was unusual in the control cortex
on the opposite side of the cerebral hemisphere
(Fig.
2).
In addition,
there were more compressions
(arrowheads
in Fig . 2), which are considered
to be
formed by vascular
sphincters
(19], in proximal portions of the perforating
artery.
In comparison
of
the arteries
in the NPY -treated
cortex to those of
control
cortex,
ring-like
compressions
were most
prominent
in the NPY-treated
cerebral
cortex (Fig.
3). A portion of a perforating
artery whose diameter
abruptly
increased
distally
was noted as shown in
Fig. 3a which is also unusual.
The diameters
of the
capillaries
in the superficial
layers
seemed to be
somewhat smaller in the deeper layers
in the NPY
treated
cortex,
although no significance
was demonstrated
morphometrically.
We could find no obvious
difference
between the NPY -i njected and the control
cortex
if we compare
the shape and size of the
capillaries
and
small
arterioles
(less
than
15
micrometers
in diameter).
Perforating
veins larger
than 15 micrometers
in diameter also failed to show
any difference
within the cortical
area 0.5-1.0 mm
from the injection
site of NPY.
Discussion
Various physiological
monitoring techniques
have
been employed for the quantitative
demonstration
of
th e regional blood flow in tissue compartments
[ 1, 8,

Fig. 3. Scanning electron micrographs
of perforating
arteries
in the NPY-treated
(a) and control (b) cortex.
There are more prominent
compressions
along
the artery
in (a).
Note a portion
(arrow)
of the
artery whose diameter abruptly
increases
toward the
distal portion . Bars = 20 micrometers.
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segmen tal fashion?
Are they really controlled
neurogenically?
Are the NPY-receptors
distributed
segmentally?
If so , what causes the diffuse narrowing
of the perforating
artery in the NPY-treated
cortex?
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